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3-(2' -Furyl)-2,3-dihydro-4H-thiazolo[3 ;2-b ]-s-tetrazin-6(7 H)-one 2, 3-(2' -furyl)-2,3 ,6,7-tetrahydro-4H-
thiazolo[3 ;2-b ]-s-tetrazine hydrobromide 5 and 6-aryl-3 -(2' -furyl)-2,3-dihydro-4H-thiazolo[3,2-b ]-s-
tetrazine hydrobromides 6 have been synthesised by the reaction of 6-(2'-furyl)-
1,4,5 ,6-tetrahydro-s-tetrazine-3 (2H)-thione 1 with chloracetic acid, 1;2-dibromoethane and a. -haloketones,
respectively. 7 -Arylidene-2,3,6,7-tetrahydro-3-(2' - furyl)-4H-tbiazolo[3 ;2-b ]-s-tetrazin-6-ones 3 have been
prepared either by the condensation of 2 with aldehydes or in a single step by the reaction of 1 with ethyl
chloroacetate and aldehydes in the presence of pyridine and piperidine. Condensation of 3 with hydrazines
in the presence of anhydrous sodium acetate furnishes 7,8-diaryl- 3-(2' -furyl)-2,3-cis-8,8a-tetrahydro-4H-
pyrazolo[3' ,4' :4,5]thiazolo[3;2- b]-s-tetrazines 4. The antibacterial and antifungal activities of some of the
compounds have also been evaluated.
In continuation of our earlier work on the synthe-
sis of the biologically active novel condensed bridge-
head nitrogen heterocyclic systems'" and in view of
the reported activity of 3-substituted furyl- imi-
dazo[2,I-b] thiazoles6,7 and 3-(2'-furyl)-5-
phenylthiazolo [2,3-c] tr iazo le'' as potent
antibacterial, antifungal and antineoplastic agents,
together with the reported antimicrobial activity of
thiazolo-s- tetrazines't" and alkylpyrazoles'", the
authors report herein the synthesis of some interest-
ing condensed bridgehead nitrogen heterocyclic
systems derived from 6-(2'-furyl)-1,4,5,6- tetrahy-
dro-s-tetrazine- 3(2H)-thione 1and evaluation of the
associated antimicrobial activity.
6-(2' -Furyl)-l ,4,5 ,6-tetrahydro-s-tetrazin- 3(2H)-
thione 1, obtained by the reaction of furfural with
thiocarbohydrazide following the method of
Lamon", on condensation with chloroacetic acid
furnished in one-step the cyclized product, 3- (2'-fu-
ryl) - 2, 3 - dihydro - 4H-thiazolo [3 ,2-b] - s- tetrazin-
6 (7H)-one 2. 7-Arylidene-2,3,6,7-tetrahydro-3-(2'-
furyl)-4H-thiazolo[3, 2-b]-s- tetrazin-6-ones 3 were
prepared by the following two routes. In the first
route, thiazolidinone 2 was condensed with alde-
hydes while in the other route, 1was directly heated
with ethyl chloroacetate and aldehydes in the pres-
ence of pyridine and piperidine. The structures 2 and
3 were supported by their IR spectra. The parent
thiazolidinone 2 showed a peak at 1717 cm-1
(>N~=O) but the exocyclic double bond at 7-po-
sition being in conjugation with carbonyl group at
6-position produced a bathochromic shift" in the
carbonyl absorption of3. The band appeared at 1695
cm-1 in 3 (Ar =p-Me2NC6~-).
Condensation of3 (Ar =p - Me2NC~-) with 2,4-
dinitrophenylhydrazine yielded in one-step the cy-
clized product 3-(2'-furyl)-8-(p-dimethylamino-
phenyl) -7-(2" ,4"-dinitrophenyl)-2, 3-cis-8,
8a-tetrahydro -4H-pyrazolo[3', 4' :4,5] thiazolo[ 3,2-
b]-s-tetrazine 4. The structure of 4 was supported by
IR and IH NMR spectral data (vide experimental).
The appearance of two doublets (J =i 0.5 Hz) at 8 8.22
and 9.11 for C-8a-H and C-8-H corroborated the
cyclic structure with cis-configuration 15.
































I. BlCH2CH2Br; II. RCOCH2X; III. CICH2COOH.NaOAC; Iv. AlCHO, NaOAC ;
v, CICH2COoEt, PyrtcI ••••• AlCHO, Plpertdlne; vI. 2,4· DlnllrOphenylhydRzlne.
Similarly, compound 1 on condensation with 1;2-
dibromoethane and a-halo ketones furnished 3-(2'-
furyl)-2,3,6,7- tetrahydro-4 H-thiazolo[3;2-b]-s-
tetrazine hydrobromide 5 and 6-aryl-3-(2'-furyl)-
2,3-dihydro-4H-thiazolo[3;2-b]-s-tetrazine hydro-
bromides 6, respectively. The structures 5 and 6 were
supported by their IR and IH NMR spectral data.
Lack of absorption in the region 1660-1700 em-I in
the IR spectra of 6 showed the absence of carbonyl
group thereby suggesting its cyclic structure.
Antimicrobial activity. Compounds 2,4b, 5 and
6 (R =p-Br4~-) were evaluated for their antimicro-
bial activity against the gram- positive Staphylococ-
cus aureus and gram-negative Escherichia coli and
Pseudomonas aeruginosa bacteria and the fungus
Candida albicans by neat samples and serial plate
dilution methodl6. The minimum inhibitory concen-
tration (MIe) of the compound 5 against S. aureus
and C. albicans is 125 Jlg/mL.
Compounds 4b and 6 (R=p-BrC6H4-) were found
to be active against S.aureus and C. albicans when
treated as neat samples and may be used for local
application in the form of powder or ointment pro-




General. TLC was run on silica gel G plates using
acetone-benzene (1 :3) as irrigant. Melting points are
uncorrected. IR (KBr, v""'x in em-I) and IH NMR
spectra (0, ppm downfield from TMS) were recorded
on Hitachi 215 and Beckman IR-20 and Varian
VXR-200 MHz and Brucker AM-400 MHz spec-
trometers respectivel y.
6-(2' -Furyl)-l, 4, 5, 6-tetrahydro-s-tetrazin-3-
(2H)-thione 1. It was prepared in 75 % yield by the
treatment of furfural and thiocarbohydrazide accord-
ing to the method of Lamon 13 , m.p. 1800 (Found: N,
30.67; S, 17.24. CHsN4 SO requires N, 30.43; S,
17.40%); IR: 780, 885,1020, 1565 (characteristic of
furan ring), 3120, 3240, 3440 (N-H stretching); IH
NMR (DMSO-d6): 3.43 (2H,brs,2 x NH);4.82 (2H,
br s, 2 x NH), 6.54 (IH, dd,J=l.75 Hz, C-4'- H, 6.98
(lH, dd,J =3Hz C-3'-H), 7.71 (lH, dd,J=l.5 Hz,
C-5'-H), 7.94 (IH, s, adjacent to furan moiety).
3-(2' -Furyl)-2,3-dihydr0-4H-thiazolo[3,2-b]-s-
tetrazin-6 (7l1)-one 2. A mixture of 1 (1.84 g, 0.01
mole), chloroacetic acid (0.95 g, 0.01 mole) and
fused sodium acetate (0.82 g, 0.01 mole) in anhy-
drous ethanol (60 mL) was heated under reflux for 5
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hr, concentrated, cooled and kept overnight. The
solid, thus separated, was filtered, washed with water
and crystallized from ethanol as cream coloured
granular crystals, m.p. 152°, yield 1.2 g (54%)
(Found: C, 42.56; H, 3.71; N, 25.27; S, 14.18.
C8H8N402S requires C, 42.86; H, 3.57; N, 25.00; S,
14.30%); IR: 775, 875,1025,1560 (furan ring), 1618
(C=N), 1710 (C=O), 3210, 3325 (N-H stretching).
7-(p-DimethyJaminobenzylidene)-3-(2'-furyJ)-
2,3,6,7-tetrahydro-4H-thiazolo[3,2-b]-s- tetrazin-
6-one (3a, Ar-p Me2NC6lL-): Method (a). A
mixture of 2 (1.12 g, 0.005 mole),p- dirnethylami-
nobenzaldehyde (0.75 g, 0.005 mole), fused sodium
acetate (0.82 g,O.Ol mole) and gl. acetic acid (40 mL)
was retluxed for 3 hr, cooled and poured into water.
The yellow solid, thus separated, was filtered,
washed with water and crystallized from gl. acetic
acid as yellow granular crystals, m.p. 188°, yield 0.8
g (45%) (Found: C,57.27;H,4.68; N, 19.54; S, 8.87.
C17H1702NsS requires C,57.46; H,4.80; N, 19.72; S,
9.01 %); 1R ; 830 (p-disubstituted benzene), 775,
880, 1030, 1565, 1580, 1610 (furan and benzene
rings), 1690 (C=O), 3040 (aromatic C-H stretching),
3340 (N-H stretching).
The characterization data of other arylidene de-
rivatives 3 are as follows:
3b (Ar=p-HO-C6H4-): m.p. 151°, yield (61 %)
(Found: N, 16.82; S, 10.00, ClsH1203N4S requires H,
17.10; S, 9.76%).
3c (Ar=p-CI-C6H4): m.p. 202°, yield 45%
(Found: N, 16.38; S, 9.41, C1sHII02N4SCl requires
N, 16.16; S, 9.24%).
3d (Ar= m-02N-C6~-): m.p. 185°, yield 42%
(Found: N, 19.49; S. 9.19. C1SHII04NsS requires N,
19.60; S, 8.96%).
Method (b). A mixture of 1 (1.84 g, 0.01 mole),
ethyl chloroacetate (1.22 g, 0.01 mole) and pyridine
(0.9 ml) in anhydrous ethanol (40 mL) was refluxed
on a water-bath for 4 hr. p-Dimethylaminobenzalde-
hyde (1.51 g, 0.01 mole) and piperidine (0.35 mL)
were then added and the reaction mixture was re-
fluxed further for 4 hr, poured into cold water and
kept overnight. The yellow solid, thus obtained, was
filtered, washed well with water and crystallized
from gl. acetic acid to give yellow crystals, m.p. and
m.m.p. 188°, yield 48%.
3-(2'-Furyl) - 8 - (p-dimethylaminophenyl) -7-
(21-4"-dinitrophenyl) -2,3-cis-8, 8a-tetrahydro-
4H-pyrazolo [3', 4' :4,5]thiazolo [3,2- b]-s-
tetrazine (4a, Ar=p-NM~-CJLa-). A mixture of3a
(t.77g,0.005 mole),2,4-dinitrophenylhydrazine (1.0
g, 0.005 mole), anhydrous sodium acetate (0.82 g,
0.01 mole) and gl. acetic acid (60 mL) was heated on
a heating mantle under reflux for 6 hr, cooled and
poured into cold water. The solid, thus separated, was
filtered, washed well with water and crystallised
from gl. acetic acid as dark brown crystals, m.p. 155°,
yield 90 g (34%) (Found: C,51.37; H,3.78; N, 23.36;
S, 6.16. C23H2IOsN9S requires C, 51.60; H, 3.93; N,
23.55; S, 5.98%); IR: 760,920, 1015, 1580 (furan
ring), 820 (p-disubstituted benzene ring), 1618 (C=C
and C=N); 3280 (N-H); IH NMR: (DMSO-d6): 1.93
(tH, br s, N- H), 2.21 (lH, bs, N-H), 3.03 (6H, s,
protons of dimethylamino group), 6.56-8.41 (9H, m,
protons of furan and aromatic rings), 8.08 (1H, s,
adjacent to furan moiety), 8.22 (lH, d,) =1O.5Hz, C-
8a-H), 9.10 (lH, d,}=10.5Hz, C-8-H).
The characterization data of other pyrozolo[3', 4':
4,5]thiazolo[3,2-b]-s-tetrazine 4b is as follows:
4b (Ar= p-OH-CJL -) : m.p. 198°, yield 40%
(Found: C, 49.84; H, 3.21; N, 22.12; S, 6.17,
C21HI606NgS requires C, 49.61; H, 3.15; N, 22.05; S,
6.30%).
4c (Ar = p-CI-C~4 -): m.p. 138°, yield (38%)
(Found: C, 47.67; H, 2.92; N, 12.16; S, 6.28,
C21HIsOsNg SCI requires C, 47.86; H, 2.85; N, 21.27;
S,6.00%).
4d (Ar = p-m-02N-CJL ): m.p. 163°, yield 45%
(Found C, 47.11; H, 2.66; S, 6.12. C21H1S07N9S
requires C, 46.93; H, 2.80; S, 5.96%).
3-(2' -Fury 1)-2,3,6,7 -tetrahydro-4H-tliiazolo[3
2-b]-s-tetrazine hydrobromide 5. A mixture of 1
(1.84 g, 0.01 mole) and 1,2- dibromoethane (1.88 g,
0.01 mole) in anhydrous ethanol (60 mL) was heated
under reflux for 5 hr, and cooled. The solid, thus
separated, was filtered, washed well with water and
crystallised from ethanol as dirty white crystals, m.p.
152°, yield 1.2 g (41 %) (Found: C, 32.88; H, 3.82;
N, 19.18, S, 10.79, CsHIION4 SBr requires C, 33.0;
H, 3.78; N, 19.24; S, 11.0%); IR: 770, 870, 1500,
1570 (furan ring), 1610 (C=C and C=N), 3060,3100
(aromatic C-H), 3360 3440 (N-H); IH NMR (TFA):
3.50 (2H, t, SCH2) 4.31 (2H, t, NCH2) , 6.34, (IH,dd,
) =i .75 Hz, C- 4' -H), 6.80 (IH, dd,) =3Hz, C- 3' -H),
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7.34 (lH, dd,J =i .5 Hz, C- 5'-H), 8.1 (IH, s, adjacent
to furan moiety).
(6-Phenyl) - 3-(2'-furyl)- 2, 3-dihydro - 4H -
thiazolo[3,2-b] - s - tetrazine hydrobromide (6a,
R =C6HS-). A mixture of 1(1.84 g, 0.01 mole) and
phenacyl bromide (1.99 g, 0.01 mole) in anhydrous
ethanol (60 mL) was refluxed for half an hour. The
reaction mixture was cooled to room temperature and
the hydrobromide, thus obtained, was crystallised
from methanol as colourless crystals, m.p. 174°,
yield 1.4 g (49%) (Found: C, 46.98; H, 3.17; N,
15.48; S, 8.45. C14H\3N4SOBr requires C, 46.15; H, References
3.57; N, 15.38; S, 8.79%); IR : 710, 760 (monosub- 1
stituted benzene ring), 795, 865, 1500, 1570 (furan
ring), 1600 (C=C: and C=N), 3150, 3440, (N-H); IH 2
NMR (CDCh): 6.48 (IH, dd,J =1.75 Hz, C- 4'-H), 3
6.70 (lH, dd, J =3Hz, C-3'-H); 7.30-7.48 (5H, m, 4
protons of the benzene ring), 7.5 (lH,s, C-7- H), 7.72
5(IH, dd, J= I.5Hz, C-5'-H), 8.42 (IH, s, proton
adjacent to furan moiety).
Other thiazolo[3,2-b]-s-tetrazines 6 prepared
similarly were:
6b: Obtained from 1 and p-C1C6~COCH2Br,
8m.p. 168°, yield 50% (Found: C, 41.95; H, 3.12; N,
14.62; S, 8.29. C14Hl2N4SOClBr requires C, 42.15; 9
H, 3.0; N, 14.05; S, 8.03%); IR : 825 (p-disubstituted
benzene ring), 800, 870, 1510, 1575, 1590, 1610 10
(aromatic skeletal vibrations), 3400 (N-H).
6c : Obtained from 1 and P-N02C6H4COCH2Br, 11
m.p. 170°, yield 48% (Found: C, 41.82, H, 3.08, S,
7.79. CI4H\2N5S03Br requires C, 41.08, H, 2.93, S, 12
7.82 %); IR: 790, 825 (p- disubstituted benzene ring), 13
870, 1515, 1570, 1600 (furan and benzene rings), 14
3100 (aromatic C-H), 3380 (N-H).
6d: Obtained from 1 and P-BrC~4COCH2Br, 15
m.p. 1400, yield 41 % (Found: C, 38.11; H, 2.94; N,
12.51; S, 7.67. CI4H\2N40SBr2 requires C 38.0, H 16
2.71, N 12.66, S 7.23%); IR: 835 (p-disubstituted
benzene), 795, 865, 1500, 1575, 1600 (furan and
benzene rings), 3375 (N-H).
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